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5LGHFRPIRUWRIWKHSDVVHQJHUVLQDYHKLFOHODUJHO\GHSHQGVRQWKHYLEUDWLRQLVRODWLRQSHUIRUPDQFHRILWVVXVSHQVLRQV\VWHP7KLV
SDSHU DLPV DW YLEUDWLRQ LVRODWLRQ DQDO\VLV RI ERWK KHDY\GXW\ DQG OLJKWGXW\ YHKLFOH VXVSHQVLRQ V\VWHPV WR FRUURERUDWH ULGH
FRPIRUWSHUFHSWLRQ$KDOIFDUPRGHOZLWKSDVVLYHVXVSHQVLRQDQGKDYLQJILYHGHJUHHVRIIUHHGRPKDVEHHQXVHGWRLQYHVWLJDWH
WKH G\QDPLF UHVSRQVH LH WKH YLEUDWLRQZLWK HFFHQWULFLW\ XQGHU VLQXVRLGDO LQSXW H[FLWDWLRQV RI D URXJK URDG 7KHPDVV RI WKH
YHKLFOH ERG\ IURQWUHDU ZKHHOV DQG GULYHUSDVVHQJHUPDVVPRPHQW RI LQHUWLD RI WKH YHKLFOH ERG\ GDPSLQJ FRHIILFLHQWV DQG
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HQHUJ\YLDDVSULQJDQGGLVVLSDWHLWYLDDGDPSHU+HUHWKHSDUDPHWHUVDUHJHQHUDOO\IL[HGFKRVHQWRREWDLQDFHUWDLQ
OHYHO RI FRPSURPLVH EHWZHHQ URDG KROGLQJ ORDG FDUU\LQJ DQG ULGH FRPIRUW ,Q WKLV ZRUN D SDVVLYH VXVSHQVLRQ




RI WKH IURQW DQG UHDU ZKHHO ERXQFH DQG SLWFK PRWLRQV RI WKH YHKLFOH ERG\ DQG ERXQFH PRWLRQ RI WKH
GULYHUSDVVHQJHU
VVHDWWRWDOILYH$SKDVHGLIIHUHQFHEHWZHHQWZRVLQXVRLGDOH[FLWDWLRQLQSXWVKDVEHHQFRQVLGHUHG
IRU FUHDWLQJ WKH SLWFK RI WKH KDOI FDU ERG\ 6WHDG\ VWDWH UHVRQDQFH FXUYHV IRU YDULRXV GDPSLQJ FRHIILFLHQWV KDYH
EHHQDQDO\]HGIRUDZLGHUDQJHRIVSHHGV7KXVYDULRXVULGHFKDUDFWHULVWLFVGXHWRFKDQJHLQWKHGDPSLQJFRHIILFLHQWV















2.1. Physical and analytical model 
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2.2. SIMULINK model 
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5LGHDVXEMHFWLYHSHUFHSWLRQ LVDVVRFLDWHGZLWK WKH OHYHORIFRPIRUWH[SHULHQFHGZKHQ WUDYHOOLQJ LQDYHKLFOH
7KHJHQHUDO FRPIRUW OHYHO FDQEH LQIOXHQFHGE\ DQXPEHU RI IDFWRUV OLNH YLEUDWLRQ VHDW GHVLJQ DLU FRQGLWLRQLQJ
YHQWLODWLRQ LQWHULRU VSDFH QRLVH UHGXFWLRQ DQG VR RQ$OO WKHVH IDFWRUV FRQWULEXWH WR WKH WHUP ³ULGH TXDOLW\´ RI D
YHKLFOH $PRQJ WKHVH IDFWRUV RQO\ YLEUDWLRQ FDQ EH PHDVXUHG REMHFWLYHO\ RWKHUV DUH GHSHQGHQW RQ VXEMHFWLYH
HYDOXDWLRQ 9LEUDWLRQV WUDQVPLWWHG WR WKH SDVVHQJHUV RULJLQDWH IURP URDG XQHYHQQHVV DHURG\QDPLF IRUFHV DQG
HQJLQHSRZHUWUDLQ LQGXFHGYLEUDWLRQ$V WKH URDGXQHYHQQHVV LV WKHPDMRU VRXUFHRIYLEUDWLRQ LW LV LQFXPEHQW WR
UHGXFHLWVHIIHFW1XPHURXVVWXGLHVKDYHEHHQFRQGXFWHGWRHVWDEOLVKULGHFRPIRUWOLPLWVLQWHUPVRIPDJQLWXGHDQG
IUHTXHQF\FRQWHQWVRIYHKLFXODUYLEUDWLRQ,62SURYLGHGWKUHHGLVWLQFWH[SRVXUHOLPLWVIRUDVVHVVPHQWRI
















         10 rms refRCL 20log A / A                                                                                                                                
ZKHUHArms = :HLJKWHGUPVDFFHOHUDWLRQAref= 5HIHUHQFHDFFHOHUDWLRQ ±PV)RUFRPIRUWDEOHULGH5&/
VKRXOGEHOHVVWKDQIRUUDLOZD\YHKLFOHV>@,QFDVHRIURXJKURDGLWLVDVVXPHGWRJLYHKLJKHUYDOXHV
sr 1 2 2 sf 1 3 1 1 2 2 2
sf 1 1 3 1 d 1 d d 1 d
srI K (x l x) l K (x l x ) l C (x l x ) l
C (x l x ) l K (x x e ) C (x x e )
T T T T
T T T
        
        
  
    
tr 2 sr 2 1 2 sr 2 1 2 tr 2 or tr 2 orm x K (x x l ) C (x x l ) K (x x ) C (x x )T T              
tf 3 sf 3 1 1 sf 3 1 1 tf 3 of tf 3 ofm x K ( x x l ) C ( x x l ) K (x x ) C ( x x )T T              
d d d d 1 d d 1m x K ( x x e ) C ( x x e )T T         




































+HDY\GXW\      X X   X  
/LJKWGXW\      X X X X X  

.HHSLQJ WKH DERYH SDUDPHWHUV IL[HG WKH HIIHFW RI YDULRXV GDPSLQJ FRHIILFLHQWV DQG HFFHQWULFLW\ KDYH EHHQ
REWDLQHG LQ0$7/$% ,Q ERWK KHDY\ GXW\ DQG OLJKW GXW\ YHKLFOHV WKH DPSOLWXGH RI YLEUDWLRQ GHFUHDVHV DV WKH
GDPSLQJFRHIILFLHQWVLQFUHDVHV6WHDG\VWDWHUHVSRQVHIRUKHDY\GXW\YHKLFOHKDVEHHQVKRZQLQ)LJZKLOH)LJ
UHSUHVHQWV OLJKWGXW\YHKLFOHUHVSRQVH ,Q)LJEDQG)LJE WKHDPSOLWXGHVRIYLEUDWLRQGDPSGRZQGXH WR
KLJKHUYDOXHVRIGDPSLQJFRHIILFLHQWV7KHQDWXUDOIUHTXHQFLHVRIWKHVSUXQJPDVVHVOLHZHOOEHORZ+]7KHPDVV
DQGZKHHOEDVHGLVWDQFHRIDKHDY\GXW\YHKLFOHLVKLJKHUWKDQWKDWRIDOLJKWGXW\YHKLFOH7KHHIIHFWRISLWFKPRWLRQ
ZLOO WKHUHIRUHEHPRUH LQDKHDY\GXW\YHKLFOH7KHHFFHQWULFLW\ LVDOVRPRUHVLJQLILFDQW LQDKHDY\GXW\YHKLFOH
+LJKHU5&/YDOXHLQGLFDWHVVRPHGLVFRPIRUWZKLFKLVPRUHDSSDUHQWLQOLJKWGXW\YHKLFOHVWKDQWKHKHDY\RQH

)LJD5HVRQDQFHFXUYHIRUKHDY\GXW\YHKLFOHZLWKCsf =Csr=1VP, Ctf=Ctr 1VPCd=1VPH P5&/ 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)LJ5HVRQDQFHFXUYHIRUOLJKWGXW\YHKLFOHZKHQDe 	5&/ Ee P	5&/ Fe ±P	5&/ 

+LJK 5&/ YDOXH LQGLFDWHV WKH GLVFRPIRUW RI WKH SDVVHQJHUV ZKLFK UHVXOWV IURP H[FHVVLYH URXJKQHVV KLJK
DPSOLWXGH H[FLWDWLRQ ORZ GDPSLQJ KLJK YHORFLW\ DQG YHU\ VWLII VXVSHQVLRQ VSULQJV 7KXV VHOHFWLRQ RI SURSHU
GDPSHUV LPSURYHG URDG VXUIDFH DQG SURSHU QDWXUDO IUHTXHQFLHV RI WKH VSUXQJ PDVV FDQ UHGXFH WKH YLEUDWLRQ WR
HQVXUHULGHFRPIRUW
$FNQRZOHGJHPHQW
7KH DXWKRUV DUH JUDWHIXO WR3URIHVVRU 'U 0G =DKLG  +RVVDLQ 'HSDUWPHQW RI  0HFKDQLFDO DQG &KHPLFDO
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